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(57) ABSTRACT 

Method and system for detecting detection patterns of a QR 
code is disclosed, detection is performed in a first direction 
and then in a second direction based on the first direction 
detection to detect a line segment having a length ratio of 
black:white:black:white:black meeting a predetermined ratio 
to determine the central points of the detection patterns, and 
thereby find out all detection patterns. Line-by-line traversal 
detection in a first direction is used to detect the detection 
patterns. Detection is performed based on the detected central 
point of the first line segment. Thus, detection steps may be 
greatly saved to simplify the detection procedure and improve 
computing speed. Fast detection of detection patterns may be 
realized for a QR code image. 

19 Claims, 6 Drawing Sheets 
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METHOD AND SYSTEM FOR DETECTING 
DETECTION PATTERNS OF QR CODE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to Chinese Patent Appli 
cation No. 201310455052.3, filed on Sep. 29, 2013 and 
entitled METHOD AND SYSTEM FOR DETECTING 
DETECTION PATTERNS OF QR CODE', which is incor 
porated herein by reference in its entirety. 

FIELD OF THE INVENTION 

The present invention relates to the field of image locating 
techniques, and more particular, to a method and system for 
detecting detection patterns of a QR code. 

DESCRIPTION OF THE RELATED ART 

Recently, with the development of automatic information 
collection technology, QR codes have gained wider and wider 
applications. The QR code is a kind of two dimensional (2D) 
barcodes, which has advantages of faster reading speed, 
larger data intensity, and Smaller footprints over other 2D 
codes. QR codes are generally in square shapes and in black 
and white only. For QR codes, decoding software may locate 
a QR code image with the help of finder patterns. 
The finder patterns comprise three identical detection pat 

terns on the upper left, upper right, and lower left corners of 
the QR code respectively. Each detection pattern may be 
considered as being composed of three superimposed con 
centric squares with 7x7 dark modules. 5x5 light modules, 
and 3x3 dark modules respectively. Thus, a black-and-white 
length ratio of 1:1:3:1:1 may be satisfied on a line segment 
passing through the central block of a detection pattern. The 
probability of an encounter with such a similar pattern at other 
locations in a QR code is very low. Thereby, a penitential QR 
code may be rapidly identified by means of detection patterns. 
A two dimensional code reader may be used to detect the 
position, size, inclination of a QR code, and then the QR code 
may be decoded to realize fast omnidirectional reading and 
recognition of the QR code. 
The detection of detection patterns in the prior art depends 

on the characteristic of meeting a black-and-white length 
ratio of 1:1:3:1:1 on a line segment within a detection pattern, 
and particularly is realized through edge detection. When a 
preselected area is detected, a line segment between a first 
point A and a last point B where a line of pixels within a QR 
code image crosses with edges of a detection pattern should 
meet a black-and-white length ratio of 1:1:3:1:1, as shown in 
FIG.1. The detection is performed on adjacent line of pixels 
in the image repeatedly until all line segments meeting a 
black-and-white length ratio of 1:1:3:1:1 in the horizontal 
direction passing through the central block of the detection 
pattern are identified. In the vertical direction, all line seg 
ments meeting a black-and-white length ratio of 1:1:3:1:1 
passing through the central block of the detection pattern are 
identified. A middle line connected between pixels A and B 
passing through the central block of the detection pattern in 
the horizontal direction is determined; in the vertical direc 
tion, a corresponding line is also determined in the same way: 
the crossing point of the two lines is the central point of the 
detection pattern. Central points of other two detection pat 
terns may be determined according to the same method. Thus, 
the three detection patterns and central points thereof may be 
detected. 
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2 
Detecting detection patterns through edge detection needs 

a large amount of computation space, especially in situations 
of limited computing speeds, which may take a long time to 
detect the detection patterns, resulting low detection effi 
ciency, and thus poor detection experience of users. With the 
progress of technology, it is unable to satisfy requirements 
advanced by users for the speed of QR code identification. 

SUMMARY OF THE INVENTION 

Thus, a method and system for detecting detection patterns 
is provided in this invention to solve the problem in the prior 
art of unable to detect detection patterns of a QR code. 

In order to solve the above problems, this invention is 
implemented in the following technical Solutions. 
A method for detecting detection patterns of a QR code, 

comprising: 
detecting the QR code along a first direction to detect a first 

line segment having a length ratio of black:white:black: 
white:black meeting a predetermined ratio, and determining 
the central point of the first line segment; 

detecting along a second direction a straight line running 
through the central point of the first line segment to get a 
second line segment having a length ratio of black:white: 
black:white:black meeting the predetermined ratio, and using 
the central point of the second line segment as the central 
point of the detection pattern. 

Further, the method comprises the following step: 
detecting on a straight line running through the central 

point of the second line segment along the first direction, if a 
line segment having a length ratio of black:white:black: 
white:black meeting the predetermined ratio is detected, tak 
ing the central point of the second line segment as the central 
point of the detection pattern; otherwise, returning to the step 
of detecting the QR code along the first direction. 

Further, the method comprises the following step: 
along a +45 degree or -45 degree diagonal direction with 

respect to the first direction, detecting on a straight line run 
ning through the central point of the second line segment; if a 
line segment having a length ratio of black:white:black: 
white:black meeting the predetermined ratio is detected, tak 
ing the central point of the second line segment as the central 
point of the detection pattern; otherwise, returning to the step 
of detecting the QR code along the first direction. 

Further, the predetermined ratio is such configured that the 
ratio of the length of each black section to the total length of 
the black and white sections and the ratio of the length of each 
white section to the total length of the black and white sec 
tions are both within a range from 0.5:7 to 2:7. 

Further, the method comprises the following step: 
setting a detection step size for detecting the QR code along 

the first direction, wherein the detection step size is less than 
or equal to the number of pixels contained in one module of 
the QR code in the first direction. 

Further, in the step of setting a detection step size for 
detecting the QR code along the first direction, the detection 
step size is obtained according to the number of pixels con 
tained in the QR code in the first direction and the number of 
pixels contained in the one module in the first direction. 

Further, in the step of setting a detection step size for 
detecting the QR code along the first direction, the detection 
step size is obtained through the following equation: 

L=Max(MxN/Mod, Min) 

wherein, M is the number of pixels contained in the QR 
code in the first direction, N is an adjustment coefficient and 
0<Ns1, Mod is a predetermined number of modules con 



US 9, 177,188 B2 
3 

tained in the QR code in the first direction, Min is the number 
of pixels contained in one module of the QR code in the first 
direction. 

Further, in the step of setting a detection step size for 
detecting the QR code along the first direction, the predeter 
mined number of modules contained in the QR code in the 
first direction is Mod=57. 

Further, in the step of setting a detection step size for 
detecting the QR code along the first direction, the adjustment 
coefficient N is set to 0.75. 
A system for detecting detection patterns of a QR code, 

characterized in comprising: 
a first direction detection module, for detecting the QR 

code along a first direction to detect a first line segment having 
a length ratio of black:white:black:white:black meeting a 
predetermined ratio, and determining the central point of the 
first line segment; 

a second direction detection module, for detecting along a 
second direction a straight line running through the central 
point of the first line segment to get a second line segment 
having a length ratio of black:white:black:white:black meet 
ing the predetermined ratio, and using the central point of the 
second line segment as the central point of the detection 
pattern. 

Further, the system comprises: 
a comparison and determination module, for detecting on a 

straight line running through the central point of the second 
line segment along the first direction, if a line segment having 
a length ratio of black:white:black:white:black meeting the 
predetermined ratio is detected, taking the central point of the 
second line segment as the central point of the detection 
pattern; otherwise, returning to the first direction detecting 
module. 

Further, the system comprises: 
a diagonal direction detection module, for along a +45 

degree or -45 degree diagonal direction with respect to the 
first direction, detecting on a straight line running through the 
central point of the second line segment; if a line segment 
having a length ratio of black:white:black:white:black meet 
ing the predetermined ratio is detected, taking the central 
point of the second line segment as the central point of the 
detection pattern; otherwise, returning to the first direction 
detection module. 

Further, the predetermined ratio is such configured that the 
ratio of the length of each black section to the total length of 
the black and white sections and the ratio of the length of each 
white section to the total length of the black and white sec 
tions are both within a range from 0.5:7 to 2:7 

Further, the system comprises: 
a detection step size setting module, for setting a detection 

step size for detecting the QR code along the first direction, 
wherein the detection step size is less than or equal to the 
number of pixels contained in one module of the QR code in 
the first direction. 

Further, the detection step size setting module is config 
ured to obtained the detection step size according to the 
number of pixels contained in the QR code in the first direc 
tion and the number of pixels contained in the one module in 
the first direction. 

Further, the detection step size setting module obtains the 
detection step size through the following equation: 

L=Max(MxN/Mod, Min) 

wherein, M is the number of pixels contained in the QR 
code in the first direction, N is an adjustment coefficient and 
0<Ns1, Mod is a predetermined number of modules con 
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4 
tained in the QR code in the first direction, Min is the number 
of pixels contained in one module of the QR code in the first 
direction. 

Further, the detection step size setting module sets the 
predetermined number of modules contained in the QR code 
in the first direction to Mod=57. 

Further, the detection step size setting module sets the 
adjustment coefficient N to 0.75. 
The above technical solutions of this invention have the 

following advantages over the prior art: 
(1) In the method and system for detecting detection pat 

terns of a QR code of this invention, detection is performed, at 
first, in a first direction and then in a second direction based on 
the detection in the first direction, to detect a line segment 
having a length ratio of black:white:black:white:black meet 
ing a predetermined ratio to determine the central points of 
the detection patterns, and thereby find out all detection pat 
terns. There is no need to perform line-by-line traversal detec 
tion in the entire QR code image in the vertical direction and 
the horizontal direction respectively to detect the detection 
patterns, the present invention only performs line-by-line tra 
versal detection in a first direction. A further line-by-line 
traversal detection process after the central point of the first 
line segment is detected is not needed, and detection is per 
formed based on the detected central point of the first line 
segment. Thus, detection steps may be greatly saved to sim 
plify the detection procedure and improve computing speed. 
Thus, fast detection of detection patterns may be realized for 
a QR code image. 

(2) In the method and system for detecting detection pat 
terns of a QR code of this invention, the setting of the par 
ticular value of the detection step size takes account of not 
only different versions of QR code images, but also a mini 
mum number of pixels contained in a single module accord 
ing to each version, to ensure the reasonability and flexibility 
of the setting of the detection step size. Meanwhile, the detec 
tion is performed not only in the first and second directions, 
but also in diagonal directions, providing an assurance about 
not only fast detection of the detection patterns of the QR 
code image, but also the accuracy of the detection to a certain 
extent, with an effectively lowed rate of detection error. 

(3) The method and system for detecting detection patterns 
of a QR code of this invention makes a fullest use of the 
characteristic of the detection patterns themselves, i.e., the 
black to white length ratio of a line segment passing through 
the detection pattern meets a ratio of 1:1:3:1:1. At the same 
time, in consideration of distortions or deformations that may 
cause a line segment passing through the central portion of a 
detection pattern to be unable to meet the ratio of 1:1:3:1:1 
strictly, a predetermined ratio for detection is set, i.e., the 
detection condition of a detection pattern is considered to be 
satisfied if the length ratio of black:white:black:white:black 
meets the predetermined ratio. Setting a predetermined ratio 
may eliminate impacts caused by distortions or slight defor 
mations to a certain extent while ensuring the accuracy of the 
detection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a clear understanding of the content of this invention, 
this invention will be further described according to particular 
embodiments in reference to drawings. 

FIG. 1 is a schematic diagram of an image detection 
method in the prior art; 

FIG. 2 is a flowchart of a method for detecting detection 
patterns of a QR code according to this invention; 



US 9, 177,188 B2 
5 

FIG. 3 is a flowchart of a method for detecting detection 
patterns of a QR code according to this invention; 

FIG. 4 is a flowchart of a method for detecting detection 
patterns of a QR code according to an embodiment; 

FIG. 5 is a schematic detection diagram of a method for 
detecting detection patterns of a QR code according to an 
embodiment; 

FIG. 6 is a structural diagram of a system for detecting 
detection patterns of a QR code according to this invention; 

FIG. 7 is a structural diagram of a system for detecting 
detection patterns of a QR code according to an embodiment; 

FIG. 8 is a schematic detection diagram of a system for 
detecting detection patterns of a QR code according to an 
embodiment; 

FIG. 9 is a structural diagram of a system for detecting 
detection patterns of a QR code according to an embodiment; 

FIG. 10 is a detection effect diagram of detection patterns 
of a QR code according to this invention. 

FIG. 11 shows a block diagram of an example of the struc 
ture of a computer. 

DESCRIPTION OF THE EMBODIMENTS 

Embodiment 1 
A method for detecting detection patterns of a QR code is 

provided in this embodiment, as shown in FIG. 2, comprising 
the following steps: 

detecting the QR code along a first direction to detect a first 
line segment having a length ratio of black:white:black: 
white:black meeting a predetermined ratio, and determining 
the central point of the first line segment; 

detecting along a second direction a straight line running 
through the central point of the first line segment to get a 
second line segment having a length ratio of black:white: 
black:white:black meeting the predetermined ratio, and using 
the central point of the second line segment as the central 
point of the detection pattern. 
The core concept of this embodiment lies in that fast detec 

tion of detection patterns may be realized through making a 
use of the characteristic of the detection patterns themselves, 
i.e., each detection pattern may be considered as being com 
posed of three Superimposed concentric Squares with 7x7 
dark modules, 5x5 light modules, and 3x3 dark modules, 
respectively. Herein, a module is a basic information storage 
unit of a QR code image. 

The QR code image of this embodiment is an image includ 
ing a background and a QR code, which is obtained after a 
binarization process. Thus, dark and light modules in the 
detection patterns are represented in the form of black and 
white modules respectively. For each pixel in a module, it has 
a grayscale value of 0 or 255. During determining whether the 
line section ratio meets a predetermined ratio, whether pixels 
are black or white pixels are actually determined according to 
their grayscale values, and then whether the overall black to 
white ratio meets the predetermined ratio is determined. 

The method for detecting detection patterns of a QR code 
in this embodiment, as shown in FIG.3, further comprises the 
following step: 

detecting on a straight line running through the central 
point of the second line segment along the first direction, if a 
line segment having a length ratio of black:white:black: 
white:black meeting the predetermined ratio is detected, tak 
ing the central point of the second line segment as the central 
point of the detection pattern; otherwise, returning to the step 
of detecting the QR code along the first direction. 
The method may further comprise detecting on a straight 

line running through the central point of the second line 
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6 
segment along a +45 degree or -45 degree diagonal direction 
with respect to the first direction; if a line segment having a 
length ratio of black:white:black:white:black meeting the 
predetermined ratio is detected, taking the central point of the 
second line segment as the central point of the detection 
pattern; otherwise, returning to the step of detecting the QR 
code along the first direction. The above detection is provided 
to ensure the accuracy of the fast detection. 

Below, a further description will be given with reference to 
FIG. 4. FIG. 4 is a complete schematic flowchart. Herein, the 
first direction may be the horizontal direction or the vertical 
direction. In FIG. 4, at first, the QR code is detected along a 
first direction to detect a first line segment having a length 
ratio of black:white:black:white:black meeting a predeter 
mined ratio. The central point of the first line segment C is 
determined, which is obviously the central point of the detec 
tion pattern in the first direction, however, is not necessary the 
central point of the detection pattern in the second direction. 
As shown in FIG. 5, taking the central point C of the first line 
segment obtained in the first direction detection as a refer 
ence, a straight line in a second direction is obtained. Whether 
there is a second line segment having a length ratio of black: 
white:black:white:black meeting the predetermined ratio is 
detected on the straight line. If a second line segment is 
detected, the central point C of the second line segment is 
determined. Because the second line segment is obtained 
taking the central point of the detection pattern in the first 
direction as a reference, the second line segment must lie on 
a central line of the detection pattern in the first direction. 
Thus, in theory, the central point of the second line segment 
selected as such must be the centre of the detection pattern in 
the vertical direction and the geometric centre of the detection 
pattern. 

In the above solution of this embodiment, the central point 
C of the second line segment is determined as the central 
point of the detection pattern in theory, which is merely 
verified in the second direction, without confirming whether 
the condition of a length ratio of black:white:black:white: 
black meeting the predetermined ratio is satisfied in the first 
direction, so detection errors may occur. In order to prevent 
Such situations, a determination is further made on a straight 
line that runs through the central point C of the second line 
segment and along the first direction to determine whether 
there is a line segment having a length ratio of black:white: 
black:white:black meeting the predetermined ratio on the 
straight line. Meanwhile, diagonal direction detection is fur 
ther provided to determine whether the condition of a length 
ratio of black:white:black:white:black meeting the predeter 
mined ratio is satisfied on diagonal lines running through the 
central point C of the detection pattern att45 degrees with 
respect to the first direction. If the central point of the second 
line segment is the central point of the detection pattern, the 
above condition must be satisfied; otherwise, it is not the 
central point of the detection pattern, which may further 
ensure the accuracy of the detection. Thereby, detection accu 
racy may be ensured to a certain extent, while ensuring the 
fast detection of the detection pattern, with an effectively 
lowered rate of detection errors. 
A predetermined ratio is provided in this embodiment, 

which has a certain error compared with the ratio 1:1:3:1:1. 
The predetermined ratio in this embodiment is such config 
ured that the ratio of the length of each black section to the 
total length of the black sections and the ratio of the length of 
each white section to the total length of the white sections are 
both within a range from 0.5:7 to 2:7. Due to the impacts of 
different imaging devices, the Surrounding illumination, and 
environments, distortions and slight deformations may be 
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generated on detection patterns of the QR code image. In this 
case, detection errors may occur and detection patterns can 
not be detected successfully if the detection is performed 
according to whether the black to white length ratio may 
strictly meet the ratio of 1:1:3:1:1. In order to cope with such 
a situation, a predetermined ratio is provided in this embodi 
ment. That is, when a line segment with five alternative black 
white patterns not strictly meeting the ratio 1:1:3:1:1 is 
detected, the number of pixels in the complete line segment 
may be obtained and then the number of pixels in each black 
or white section in the line segment may be obtained to 
determine a ratio of the black or white section to the complete 
line segment, and the ratio condition of the detection pattern 
is considered as being satisfied if these ratios may meet the 
predetermined ratio. For example, if a pattern with five alter 
native black and white modules are detected on a line seg 
ment, and the total number of pixels is 210, wherein the 
number of pixels in the first black line section is 45, which has 
a ratio to the total pixels of 0.214. Because the predetermined 
ratio ranges from 0.5:7 to 2:7, i.e., from 0.071 to 0.286, the 
ratio of 0.214 falls within the predetermined ratio range. 
Thus, the ratio condition is considered as being met by the 
first black line section, and it is further determined whether 
each of other remaining line sections falls within the prede 
termined ratio range. 

The method for detecting detection patterns of a QR code 
according to this embodiment makes a full use of the charac 
teristic of the detection patterns themselves in the detection of 
detection patterns, i.e., the black to white length ratio of a line 
segment in the detection pattern meets a ratio of 1:1:3:1:1. In 
consideration of distortions or deformations that may cause a 
line segment passing through the central portion of a detec 
tion pattern to be unable to meet the ratio of 1:1:3:1:1 strictly, 
a predetermined ratio is set, i.e., the detection condition of a 
detection pattern is considered to be satisfied if the length 
ratio of black:white:black:white:black meets the predeter 
mined ratio. Setting a predetermined ratio may eliminate 
impacts caused by distortions or slight deformations to a 
certain extent while ensuring the accuracy of the detection. 

In the method for detecting detection patterns of a QR code 
of this invention, detection is performed, at first, in a first 
direction and then in a second direction based on the first 
direction detection, to detect a line segment having a length 
ratio of black:white:black:white:black meeting a predeter 
mined ratio to determine the central points of the detection 
patterns, and thereby find out all detection patterns. Without 
line-by-line traversal detection in the entire QR code image in 
the vertical direction and the horizontal direction respec 
tively, merely line-by-line traversal detection in a first direc 
tion is required to detect the detection patterns. Instead of a 
further line-by-line traversal detection process after the cen 
tral point of the first line segment is detected, detection is 
performed based on the detected central point of the first line 
segment. Thus, detection steps may be greatly saved to sim 
plify the detection procedure and improve computing speed. 
Thus, fast detection of detection patterns may be realized for 
a QR code image. 

Embodiment 2 
This embodiment comprises improvements made based on 

embodiment 1, which, in addition to steps described in 
embodiment 1, further comprises the following step: 

setting a detection step size for detecting the QR code along 
the first direction, wherein the detection step size is less than 
or equal to the number of pixels contained in one module of 
the QR code in the first direction. 

In the step of setting a detection step size for detecting the 
QR code along the first direction, the detection step size is 
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8 
obtained according to the number of pixels contained in the 
QR code in the first direction and the number of pixels con 
tained in the one module in the first direction. 

Further, in the step of setting a detection step size for 
detecting the QR code along the first direction, the detection 
step size is obtained through the following equation: 

L=Max(MxN/Mod, Min) 

wherein, M is the number of pixels contained in the QR 
code in the first direction, N is an adjustment coefficient and 
0<Ns1, Mod is a preset number of modules contained in the 
QR code in the first direction, Min is the number of pixels 
contained in one module of the QR code in the first direction. 
MxN/Mod represents an average number of pixels in one 

module scaled at a ratio, which is compared with the number 
of pixels in one module in the first direction to select a larger 
one as the detection step size, and thus to reduce the number 
oflines that are scanned. MxN/Mod may be an average num 
ber of pixels in one module in the horizontal direction that is 
scaled at a ratio, oran average number of pixels in one module 
in the vertical direction. In order to ensure the overall accu 
racy of the detection, it is necessary to ensure a reasonable 
setting of a detection step size while reducing the number of 
lines that will be scanned as much as possible. Below, a 
particular description will be given in conjunction with dif 
ferent versions of QR code images. 
As well known, there are 40 versions of QR code image: 

version 1, version 2 . . . version 40. Version 1 has 21x21 
modules, Version 2 has 25x25 modules, and so on. Each 
version has 4 modules added on each side than a previous 
version, until version 40 which has 177x177 modules. Thus, 
the larger version number is, the more modules in the hori 
Zontal and vertical directions will be, and thus the more infor 
mation contained therein, and the larger QR code image will 
be resulted. Before the detection patterns are detected suc 
cessfully, the actual version of a QR code image cannot be 
recognized, in practice, only lower versions are commonly 
adopted, usually not higher than version 10. It is preferred to 
set a small detection step size to ensure the accuracy of the 
detection, i.e., the fewer modules contained in the QR code in 
the first direction, the better, and thus resulting in a minimal 
detection step size. However, on the basis of ensured detec 
tion accuracy, it is desired to speed up the detection. As a 
result, it is desired to set a detection step size as large as 
possible, in which case the more predetermined modules 
contained in the QR code in the first direction the better. 
Based on the two aspects above, preferably, the predeter 
mined number of modules contained in a QR code in the first 
direction is Mod=57, corresponding to the version 10. The 
applicants process existing QR code images with the above 
setting, which may not only reduce computing steps but also 
ensure the accuracy of the detection, with a degree of accu 
racy of over 99%. 

Because the number of modules contained in the horizon 
tal/vertical direction corresponding to version 10 is 57, for 
QR code images of those versions lower than version 10, the 
detection step size is definitely smaller than the length of a 
module, which is however not true for versions higher than 
version 10. If the detection step size finally determined is 
larger than the length of a module, the central square of the 
detection pattern may be skipped during the detection, caus 
ing unsuccessful detection of the detection pattern. Taking 
this situation into consideration also, in order to prevent miss 
ing caused by an unreasonable detection step size setting, a 
corresponding value must be set to ensure that the detection 
step is not larger than the length of a module. After many 
times of numerical experiments, preferably, in the step of 
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setting a detection step size for detecting the QR code along 
the first direction, the adjustment coefficient N is set to 0.75 in 
this embodiment. 

In the method for detecting detection patterns of a QR code 
of this invention, the setting of the particular value of the 5 
detection step size takes account of not only different versions 
of QR code images, but also a minimum number of pixels 
contained in a single module of each version, to ensure the 
reasonability and flexibility of the setting of the detection step 
size. 10 

Embodiment 3 
A system for detecting detection patterns of a QR code is 

provided in this embodiment, as shown in FIG. 6, comprising: 
a first direction detection module, for detecting the QR 

code along a first direction to detect a first line segment having 15 
a length ratio of black:white:black:white:black meeting a 
predetermined ratio, and determining the central point of the 
first line segment; 

a second direction detection module, for detecting along a 
second direction a straight line running through the central 20 
point of the first line segment to get a second line segment 
having a length ratio of black:white:black:white:black meet 
ing the predetermined ratio, and using the central point of the 
second line segment as the central point of the detection 
pattern. 25 
The core concept of this embodiment lies in that fast detec 

tion of detection patterns may be realized through making a 
use of the characteristic of the detection patterns themselves, 
i.e., each detection pattern may be considered as being com 
posed of three Superimposed concentric Squares with 7x7 30 
dark modules, 5x5 light modules, and 3x3 dark modules, 
respectively. Herein, a module is a basic information storage 
unit of a QR code image. The QR code image of this embodi 
ment is an image including a background and a QR code, 
which is obtained after a binarization process. Thus, dark and 35 
light modules in the detection patterns are represented in the 
form of black and white modules respectively. For each pixel 
in a module, it has a grayscale value of 0 or 255. During 
determining whether the line section ratio meets a predeter 
mined ratio, whether pixels are black or white pixels are 40 
actually determined according to their grayscale values, and 
then whether the overall black to white ratio meets the ratio of 
1:1:3:1:1 is determined. 
As shown in FIG. 7, the system for detecting detection 

patterns of a QR code in this embodiment further comprises: 45 
a comparison and determination module, for detecting on a 

straight line running through the central point of the second 
line segment along the first direction, if a line segment having 
a length ratio of black:white:black:white:black meeting the 
predetermined ratio is detected, taking the central point of the 50 
second line segment as the central point of the detection 
pattern; otherwise, returning to the first direction detecting 
module. 

a diagonal direction detection module, for along a +45 
degree or -45 degree diagonal direction with respect to the 55 
first direction, detecting on a straight line running through the 
central point of the second line segment; if a line segment 
having a length ratio of black:white:black:white:black meet 
ing the predetermined ratio is detected, taking the central 
point of the second line segment as the central point of the 60 
detection pattern; otherwise, returning to the first direction 
detection module. 
The above detection is provided to ensure the accuracy of 

the fast detection. Below, a further description will be given 
with reference to FIG. 4. FIG. 4 is a complete schematic 65 
flowchart. Herein, the first direction may be the horizontal 
direction. However, as one skilled in the art may understand, 

10 
the first direction may also be the vertical direction. In FIG.4, 
at first, the QR code is detected along a first direction to detect 
a first line segment having a length ratio of black:white:black: 
white:black meeting a predetermined ratio. The central point 
of the first line segment C is determined, which is obviously 
the central point of the detection pattern in the first direction, 
however, is not necessary the central point of the detection 
pattern in the second direction. As shown in FIG. 5, taking the 
central point C of the first line segment obtained in the first 
direction detection as a reference, whether there is a second 
line segment having a length ratio of black:white:black: 
white:black meeting the predetermined ratio is detected in the 
second direction, such that the central point C of a second 
line segment is determined. Because the second line segment 
is obtained taking the central point of the detection pattern in 
the first direction as a reference, the second line segment must 
lie on a central line of the detection pattern in the first direc 
tion. Thus, in theory, the central point of the second line 
segment selected as such must be the centre of the detection 
pattern in the vertical direction and the geometric centre of the 
detection pattern. 
The central point C of the second line segment is deter 

mined as the central point of the detection pattern in theory, 
which is merely verified in the second direction, without 
confirming whether the condition of a length ratio of black: 
white:black:white:black meeting the predetermined ratio is 
satisfied in the first direction, so detection errors may occur. In 
order to prevent Such situations, a determination is further 
made on a line segment that runs through the central point C 
of the second line segment and along the first direction to 
determine whether the line segment has a length ratio of 
black:white:black:white:black meeting the predetermined 
ratio. Meanwhile, as shown in FIG. 8, diagonal direction 
detection is further provided to determine whether the condi 
tion of a length ratio of black:white:black:white:black meet 
ing the predetermined ratio is satisfied on diagonal lines run 
ning through the central point C of the detection pattern at 
+45 degrees with respect to the first direction. If the central 
point of the second line segment is the central point of the 
detection pattern, the above condition must be satisfied; oth 
erwise, it is not the central point of the detection pattern, 
which may further ensure the accuracy of the detection. 
Thereby, detection accuracy may be ensured to a certain 
extent, while ensuring the fast detection of the detection pat 
tern, with an effectively lowered rate of detection errors. 
A predetermined ratio is provided in this embodiment, 

which has a certain error compared with the ratio 1:1:3:1:1. 
The predetermined ratio in this embodiment is such config 
ured that the ratio of the length of each black section to the 
total length of the black sections and the ratio of the length of 
each white section to the total length of the white sections are 
both within a range from 0.5:7 to 2:7. 
Due to the impacts of different imaging devices, the Sur 

rounding illumination, and environments, distortions and 
slight deformations may be generated on detection patterns of 
the QR code image. In this case, detection errors may occur 
and detection patterns cannot be detected successfully if the 
detection is performed according to whether the black to 
white length ratio may strictly meet the ratio of 1:1:3:1:1. In 
order to cope with Such a situation, a predetermined ratio is 
provided in this embodiment. That is, when a line segment 
with five alternative black-white patterns not strictly meeting 
the ratio 1:1:3:1:1 is detected, the number of pixels in the 
complete line segment may be obtained and then the number 
of pixels in each black or white section in the line segment 
may be obtained to determine a ratio of the black or white 
section to the complete line segment, and the ratio condition 
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of the detection pattern is considered as being satisfied if these 
ratios may meet the predetermined ratio. For example, if a 
pattern with five alternative black and white modules are 
detected on a line segment, and the total number of pixels is 
210, wherein the number of pixels in the first black line 
section is 45, which has a ratio to the total pixels of 0.214. 
Because the predetermined ratio ranges from 0.5:7 to 2:7, i.e., 
from 0.071 to 0.286, the ratio of 0.214 falls within the prede 
termined ratio range. Thus, the ratio condition is considered 
as being met by the first black line section, and it is further 
determined whether each of other remaining line sections 
falls within the predetermined ratio range. 
The system for detecting detection patterns of a QR code in 

this embodiment makes a full use of the characteristic of the 
detection patterns themselves in the detection of detection 
patterns, i.e., the black to white length ratio of a line segment 
in the detection pattern meets a ratio of 1:1:3:1:1. In consid 
eration of distortions or deformations that may cause a line 
segment passing through the central portion of a detection 
pattern to be unable to meet the ratio of 1:1:3:1:1 strictly, a 
predetermined ratio is set, i.e., the detection condition of a 
detection pattern is considered to be satisfied if the length 
ratio of black:white:black:white:black meets the predeter 
mined ratio. Setting a predetermined ratio may eliminate 
impacts caused by distortions or slight deformations to a 
certain extent while ensuring the accuracy of the detection. 

In the system for detecting detection patterns of a QR code 
of this invention, detection is performed, at first, in a first 
direction and then in a second direction based on the first 
direction detection, to detect a line segment having a length 
ratio of black:white:black:white:black meeting a predeter 
mined ratio to determine the central points of the detection 
patterns, and thereby find out all detection patterns. Without 
line-by-line traversal detection in the entire QR code image in 
the vertical direction and the horizontal direction respec 
tively, merely line-by-line traversal detection in a first direc 
tion is required to detect the detection patterns. Instead of a 
further line-by-line traversal detection process after the cen 
tral point of the first line segment is detected, detection is 
performed based on the detected central point of the first line 
segment. Thus, detection steps may be greatly saved to sim 
plify the detection procedure and improve computing speed. 
Thus, fast detection of detection patterns may be realized for 
a QR code image. 

Embodiment 4 
This embodiment comprises improvements made based on 

embodiment 3, which in addition to components described in 
embodiment 3, further comprises: 

a detection step size setting module, for setting a detection 
step size for detecting the QR code along the first direction, 
wherein the detection step size is less than or equal to the 
number of pixels contained in one module of the QR code in 
the first direction. 

The detection step size setting module is configured to 
obtained the detection step size according to the number of 
pixels contained in the QR code in the first direction and the 
number of pixels contained in the one module in the first 
direction. 
The detection step size setting module obtains the detec 

tion step size through the following equation: 

L=Max(MxN/Mod, Min) 

wherein, M is the number of pixels contained in the QR 
code in the first direction, N is an adjustment coefficient and 
0<Ns1, Mod is a preset number of modules contained in the 
QR code in the first direction, Min is the number of pixels 
contained in one module of the QR code in the first direction. 
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12 
MxN/Mod represents an average number of pixels in one 

module scaled at a ratio, which is compared with the minimal 
number Min of pixels in one module to select a larger one as 
the detection step size, and thus to reduce the number of lines 
that are scanned. MxN/Mod may be an average number of 
pixels in one module in the horizontal direction that is scaled 
at a ratio, or an average number of pixels in one module in the 
vertical direction. In order to ensure the overall accuracy of 
the detection, it is necessary to ensure a reasonable setting of 
a detection step size while reducing the number of lines that 
will be scanned as much as possible. Below, a particular 
description will be given in conjunction with different ver 
sions of QR code images. 
As well known, there are 40 versions of QR code image: 

version 1, version 2 . . . version 40. Version 1 has 21x21 
modules, Version 2 has 25x25 modules, and so on. Each 
version has 4 modules added on each side than a previous 
version, until version 40 which has 177x177 modules. Thus, 
the larger version number is, the more modules in the hori 
Zontal and vertical directions will be, and thus the more infor 
mation contained therein, and the larger QR code image will 
be resulted. Before the detection patterns are detected suc 
cessfully, the actual version of a QR code image cannot be 
recognized, in practice, only lower versions are commonly 
adopted, usually not higher than version 10. It is preferred to 
set a small detection step size to ensure the accuracy of the 
detection, i.e., the fewer modules contained in the QR code in 
the first direction, the better, and thus resulting in a minimal 
detection step size. However, on the basis of ensured detec 
tion accuracy, it is desired to speed up the detection. As a 
result, it is desired to set a step as large as possible, in which 
case the more modules contained in the QR code in the first 
direction the better. Based on the two aspects above, prefer 
ably, the predetermined number of modules contained in a 
QR code in the first direction is Mod=57, corresponding to the 
version 10. As shown in FIG.9, an effect diagram of detection 
patterns obtained through fast detection on the premise of 
version 1. QR code images that are commonly used in prac 
tice are generally those in lower versions, in general, not 
higher than version 10. The selection of version 10 is sub 
stantially appropriate for the detection of detection patterns 
for most QR code images used in our daily life. The applicants 
process existing QR code images with the above setting, 
which may not only reduce computing steps but also ensure 
the accuracy of the detection, with a degree of accuracy of 
over 99%. Those skilled in the art may make a reasonable 
selection of the version number i according to requirements 
for the amount of computation and accuracy. 

Because the number of modules contained in the horizon 
tal/vertical direction corresponding to version 10 is 57, for 
QR code images of those versions lower than version 10, the 
detection step size is definitely smaller than the length of a 
module, which is however not true for versions higher than 
version 10. If the detection step size finally determined is 
larger than the length of a module, the central square of the 
detection pattern may be skipped during the detection, caus 
ing unsuccessful detection of the detection pattern. Taking 
this situation into consideration also, in order to prevent miss 
ing caused by an unreasonable detection step size setting, a 
corresponding value must be set to ensure that the detection 
step is not larger than the length of a module. After many 
times of numerical experiments, preferably, the adjustment 
coefficient N is set to 0.75 in this embodiment. 

In the system for detecting detection patterns of a QR code 
of this embodiment, the setting of the particular value of the 
detection step size takes account of not only different versions 
of QR code images, but also a minimum number of pixels 
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contained in a single module of each version, to ensure the 
reasonability and flexibility of the setting of the detection step 
size. 
A person skilled in the art should appreciate that the 

examples of the present application may be provided as 
method, system, or a computer program product. Therefore, 
the present application may take the form of completely hard 
ware examples, completely software examples, or hardware 
and software combined examples. Moreover, the present 
application may adopt the form of a computer program prod 
uct implemented on one or more computer readable storage 
medium (including but not limited to a disk storage, a CD 
ROM, an optical disk, etc) containing computer usable pro 
gram codes. 
The present application is described with reference to the 

flowcharts and/or block diagrams of the method, apparatus 
(system) and computer program product of the examples of 
the present invention. It should be understood that a computer 
program instruction is used to implement each flow and/or 
block in the flowcharts and/or block diagrams, and combina 
tion of flows/blocks in the flowcharts and/or block diagrams. 
These computer program instructions may be provided to a 
universal computer, a special computer, an embedded proces 
sor or processors of other programmable data processing 
devices to generate a machine Such that an apparatus for 
implementing the functions specified in one or more flow in 
the flowcharts and/or one or more blocks in the block dia 
grams is generated through the instructions executed by the 
computer or the processor of other programmable data pro 
cessing devices. 

These computer program instructions may also be stored in 
a computer readable memory that can direct the computer or 
other programmable data processing devices to work in a 
particular manner Such that the instruction stored in the com 
puter readable memory generates a product including an 
instruction apparatus, which implements the functions speci 
fied in one or more flows in the flowchart and/or one or more 
blocks in the block diagram. 

These computer program instructions may also be loaded 
in a computer or other programmable data processing devices 
Such that a series of operation steps are executed on the 
computer or other programmable data processing devices to 
generate computer implemented processing, and thus the 
instruction executed on the computer or other programmable 
data processing devices provides the steps for implementing 
the functions specified in one or more flows in the flowchart 
and/or one or more blocks in the block diagram. 

FIG. 11 shows a block diagram of an exemplary computer 
hardware structure for carrying out the above processes. 
A central processing unit (CPU) 1501, read-only memory 

(ROM) 1502 and random access memory (RAM) 1503 are 
connected with each other through a bus 1504. 
An input/output (I/O) interface 1505 is connected to the 

bus 1504. Input units 1506 such as a keyboard or mouse and 
output units 1507 such as a display or a speaker are connected 
to the I/O interface 1505. In addition, a memory unit 1508 
Such as a hard disk or non-volatile memory, a communication 
unit 1509 Such as a network interface and a driver 1510 for 
driving removable media 1511 are connected to the I/O inter 
face 1505. 

In the computer configuration described above, the CPU 
1501 loads programs stored in the memory unit 1508 to RAM 
1503 through the I/O interface 1505 and the bus 1504, and 
executes the programs to perform the above processes. 
The programs executed by the CPU 1501 may be, for 

example, recorded on the removable media 1511 or may be 
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14 
provided through wired or wireless transmission media (e.g. 
a LAN, the Internet, or digital broadcasting), and installed in 
the memory unit 1508. 
The programs executed by the computer may be executed 

according to the order described above, or may be processed 
whenever necessary (for example, by all). 

Although the preferred examples of the present application 
have been described, a person skilled in the art, once obtain 
ing the basic inventive concept, can make additional varia 
tions and modifications to these examples. Therefore, the 
attached claims are intended to be interpreted as including the 
preferred examples and all variations and modifications fall 
ing into the scope of the present application. 

What is claimed is: 
1. A method for detecting detection patterns of a QR code, 

comprising: 
detecting the QR code along a first direction to detect a first 

line segment having a length ratio of black:white:black: 
white:black meeting a predetermined ratio, and deter 
mining the central point of the first line segment; 

detecting along a second direction a straight line running 
through the central point of the first line segment to get 
a second line segment having a length ratio of black: 
white:black:white:black meeting the predetermined 
ratio, and using the central point of the second line 
segment as the central point of the detection pattern. 

2. The method for detecting detection patterns of a QR code 
according to claim 1 further comprising: 

detecting on a straight line running through the central 
point of the second line segment along the first direction, 
if a line segment having a length ratio of black:white: 
black:white:black meeting the predetermined ratio is 
detected, taking the central point of the second line 
segment as the central point of the detection pattern; 
otherwise, returning to the step of detecting the QR code 
along the first direction. 

3. The method of claim 1 further comprising: 
along a +45 degree or -45 degree diagonal direction with 

respect to the first direction, detecting on a straight line 
running through the central point of the second line 
segment; if a line segment having a length ratio of black: 
white:black:white:black meeting the predetermined 
ratio is detected, taking the central point of the second 
line segment as the central point of the detection pattern; 
otherwise, returning to the step of detecting the QR code 
along the first direction. 

4. The method of claim 1 wherein the predetermined ratio 
is such configured that the ratio of the length of each black 
section to the total length of the black and white sections and 
the ratio of the length of each white section to the total length 
of the black and white sections are both within a range from 
O.5:7 to 2:7. 

5. The method of claim 1 further comprising: 
setting a detection step size for detecting the QR code along 

the first direction, wherein the detection step size is less 
than or equal to the number of pixels contained in one 
module of the QR code in the first direction. 

6. The method of claim 5 wherein in the step of setting a 
detection step size for detecting the QR code along the first 
direction, the detection step size is obtained according to the 
number of pixels contained in the QR code in the first direc 
tion and the number of pixels contained in the one module in 
the first direction. 

7. The method of claim 5 wherein in the step of setting a 
detection step size for detecting the QR code along the first 
direction, the detection step size is obtained through the fol 
lowing equation: 

L=Max(MxN Mod, Min) 
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wherein, M is the number of pixels contained in the QR 
code in the first direction, N is an adjustment coefficient 
and 0<Ns1, Mod is a predetermined number of modules 
contained in the QR code in the first direction, Minis the 
number of pixels contained in one module of the QR 
code in the first direction. 

8. The method of claim 7 wherein in the step of setting a 
detection step size for detecting the QR code along the first 
direction, the predetermined number of modules contained in 
the QR code in the first direction is Mod=57. 

9. The method of claim 7 wherein in the step of setting a 
detection step size for detecting the QR code along the first 
direction, the adjustment coefficient N is set to 0.75. 

10. A system for detecting detection patterns of a QR code, 
the system comprising: 

a first direction detection module, for detecting the QR 
code along a first direction to detect a first line segment 
having a length ratio of black:white:black:white:black 
meeting a predetermined ratio, and determining the cen 
tral point of the first line segment; 

a second direction detection module, for detecting along a 
Second direction a straight line running through the cen 
tral point of the first line segment to get a second line 
segment having a length ratio of black:white:black: 
white:black meeting the predetermined ratio, and using 
the central point of the second line segment as the central 
point of the detection pattern. 

11. The system of claim 10 further comprising: 
a comparison and determination module, for detecting on a 

Straight line running through the central point of the 
Second line segment along the first direction, if a line 
segment having a length ratio of black:white:black: 
white:black meeting the predetermined ratio is detected, 
taking the central point of the second line segment as the 
central point of the detection pattern; otherwise, return 
ing to the first direction detecting module. 

12. The system of claim 10 further comprising: 
a diagonal direction detection module, for along a +45 

degree or -45 degree diagonal direction with respect to 
the first direction, detecting on a straight line running 
through the central point of the second line segment; if a 
line segment having a length ratio of black:white:black: 
white:black meeting the predetermined ratio is detected, 
taking the central point of the second line segment as the 
central point of the detection pattern; otherwise, return 
ing to the first direction detection module. 
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13. The system of claim 10 wherein the predetermined 

ratio is such configured that the ratio of the length of each 
black section to the total length of the black and white sec 
tions and the ratio of the length of each white section to the 
total length of the black and white sections are both within a 
range from 0.5:7 to 2:7. 

14. The system of claim 10 further comprising: 
a detection step size setting module, for setting a detection 

step size for detecting the QR code along the first direc 
tion, wherein the detection step size is less than or equal 
to the number of pixels contained in one module of the 
QR code in the first direction. 

15. The system of claim 14 wherein the detection step size 
setting module is configured to obtained the detection step 
size according to the number of pixels contained in the QR 
code in the first direction and the number of pixels contained 
in the one module in the first direction. 

16. The system of claim 14 wherein the detection step size 
setting module obtains the detection step size through the 
following equation: 

L=Max(MxN/Mod, Min) 

wherein, M is the number of pixels contained in the QR 
code in the first direction, N is an adjustment coefficient 
and 0<Ns1, Mod is a predetermined number of modules 
contained in the QR code in the first direction, Minis the 
number of pixels contained in one module of the QR 
code in the first direction. 

17. The system of claim 16, wherein the detection step size 
Setting module sets the predetermined number of modules 
contained in the QR code in the first direction to Mod=57. 

18. The system of claim 16 wherein the detection step size 
Setting module sets the adjustment coefficient N to 0.75. 

19. A system for detecting detection patterns of a QR code, 
the system comprising a processor, wherein the processor is 
configured to 

detect the QR code along a first direction to detect a first 
line segment having a length ratio of black:white:black: 
white:black meeting a predetermined ratio, and deter 
mine the central point of the first line segment; 

detect along a second direction a straight line running 
through the central point of the first line segment to get 
a second line segment having a length ratio of black: 
white:black:white:black meeting the predetermined 
ratio, and use the central point of the second line seg 
ment as the central point of the detection pattern. 
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